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FLOOD CONTROL PROJECT

HANCOCK EROOK DAM AND RESERVOIR

HANCOCK HROOK
HOUSATONIC RIVER EASIN
CONNECT ICUT

DESIGN MEMORANDUM NO. &

EMBANKMENTS AND FOUNDATIONS
AURUST 1962

A. INCRODUCTION

1, Location and Description of Project. The Hancock Brook Reservoir
Project is located in the State of Connecticut on Hancock Brook, a tribu-

tary of the Naugatuck River, which in turn is a tributary of the Housatonic
Hiver, The dam site is in the township of Plymouth, Commecticut and about
3.4 miles above the comflusnce of Hancock Brook and the Naugatuck River.
The completed structures will consist of an earth fill dam and dilke, with
appurtenant structures, a railroad relocation, and a highway relocation.
Locations, arrangements, and details of the structures are shown on Plates
Nos, 6-1 through 6-L,
2, Pertinent Data.

a. Purpose. Flood Control and Wildlife Management.
b, Drainage Area st Dam Site. 12,0 square miles

¢. Reservoir Elevations, M.S.L.

(1) Wildlife Mamsgement Pool - L6O



(2) Spillway Crest - LB

(3) Maximum Surcharge - 500
(4) Top of Dam and Dike - 505

d. Dam
(1) Maximum Height above Streambed - 57 feet
(2) Length - 630 fest

e. Dike
(1) Maximum Height Above Reservoir Side Toe - 35 feet
(2) Length - 2,300 feet

3. General Notes., Programs of subsurface investigations and soils

engineering studies were undertaken for the design of the Hancock Rrook
Dam and Dike and the railroad and highway relocations. Subsurface inves-
tigations included subsurface explerations and laboratory test programs
performed to determine the distribution and characteristics of fourdation
and embankment materials and to determine soil conditions pertinent to
axcavations and to the design and construction of embankments, Soil
engineering studies, based on data obtained from the subsurface investiga-
tions, were conducted to develop safe and economical earthwork designs
and construction methods, and to obtain pertinemt soils data required for
the designs for certain of the conecrete structures.

B, SUBSURFACE INVESTIGATIONS

L. Subsurface Explorstions. Subsurface explorations were laid out

and made in conformance with current criteria and practices as described
in the pertinent séctions of the Engimeering Manual for Civil Works
Comnstruction. The majority of the explorstions were drive sample borings

or machine excavated test pits. The subsurface exploration program



completed to date is considered adequate for design purposes for the dam
and the dike., Additionsl explorations are in progress to obtain data for
construction control and for the foundation designs for the bridges and
the various drainage structures for the relocations. The:locations, types
and general purposes of the exploratlons completed prior to Feb. 1962
are discussed in Design Msmorandum No, 2 *Site Geology." Ths location
of subsurface explorations completed prior to May 7, 1962, except those
along the reilroad relocation, the locations of which are indicated on
the so0il profile, are shown on Plates Nos. 6-5 and 6-6, The geology of
the site and ares pertinent to the types and distribution of =oils is
described in Design Memorandum No, 2, "Site Geology."

5. Laboratory Tests.

a. General. All laboratory tests, except as noted, were
performed in accordance with current standard procedures as described
in the Engineering Manual for Civil Works Comstruction and other publica-
tions of the Corps of Engineers. Al]l soll samples were classified viaualiy
in the laboratory in conformance with the Unified Classification System,
Grain size analysis and determinations of Atterberg Limits weres performed
on selected samplss to confirm visual classification and to provide more
precise data where considered necessary. Specific gravities were deter-
mined for selected samples. Natural molsture contents were determined
for selected samples of soil, particularly those from the proposed
impervious borrow area and those of impervious material from required
railrosd relocation excavations. These moisture contents wers determined
for both the total material and for the component passing the Na. .l Bieve,

Standard AASHO Compaction Tests were performed on samples considered



representative of the impervious and random embankmsnt materials. Natural
density tests were performed on chunk samples from a test pit in the borrow
area and from a test pit on the railroad relocation alignment.

b, Permeability Tests. Permeability tests were performed in

the laboratory on selscted samples of embankment materials using de-aired
water and s falling head type of test apparatus, The permeameters were
5.5 inch diameter lucite cylinders. Each specimen was prepared so that
its length was equal to or slightly less than its diameter., Prior to
testing, each specimen was de-aired under a vacuum not greater than 15
psi. The maximum applisd hydrostatic head was not permitted to exceed
120 centimeters and gensrally was on the crder of &0 centimeters,
Permeability tests were performed on specimens prepared at variocus densit-
jes in order to obtain the relationship of the void ratio and the coef-
ficient of permeability for each soll sample,

ce Shear Tests,- The shear strength characteristics of selected
samples of impervicus embankment materiale, fault gouge materlal, and
material from the dam foundation wers determined for the fractions of
the samples passing the No, I Sieve under the conditions outlined in
the Engineering Manual for Civil Works Construction, Specimens of the
impervious embankment materials were compacted at moisture contents rep-
resentative of anticipated placement moisture contents, The Standard
KASHO Compaction Test curves were used in establishing the specimen
densities at the various moisture contents, Specimens of the fault gouge
material were compacted to appraximately maximum Standard AASHO Compaction
Test density while specimens of the material from the dam foundation were
compacted to a denaity approxinting"tho estimated natural in-place density

of the material. Those spacimens which were prepared for the consoclidated-

k



drained (S) and the consolidated-undrained (R) triaxial compression tests
were saturated under a back pressure prior to testing. The shear tests
performesd on the samples of impervious embankment materials and the fault
gouge material were triaxial compression tests done on 2.8 inch and 1.k
inch diameter specimms, respectively, having minimum slenderness ratios
greater than 2,1, The shear test performed on the sample of material
from the dam foundation was a direct shear test done on specimshs 3 inches
squars and 1/2-inch thick,

6, Presentstion of Data, The data obtained from subsurface explora-

tions and the results of soil tests are presented in this memorandum,
Graphic logs of subsurface explorptions based on amemded field logs and
showing other pertinent data and detailed description of bedrock are
presented In Appendix C,. Engimefirg soils reports (engineering logs of
solls explorstions) are presented in Appendix D. These reports were pre-
pared for all pertinent explorations by the dasign soils engineer with the
aid of laboratory test data and the assistance of an experienced soils
classifier, Included in these reports are the description of soils and
soils strata based on the engineer's examination of the samples and on
his interpretation of all test roaﬁlts and exploration data, These des-
criptions include the comsistency of the material, estimated or measured
percentages of the soil ¢omponents, color, stratification, proaen:;e of
foreign matter, goologicai names, and other data comsidered to be of sig-
nificance in determining the characteristics of materials for design and
construction purposes. Soil profiles of the dam embankment foundation and
of the railroad relocation based on these engineering logs are shown on
Plates 6-7 through 6-9. The profile for the railrcad relocation is also



applicable to the dike foundation. Plates showing selscted laboratory
test results are included in this memorandum, A summary of laboratory
test resultes is presented in Appendix A, Detailed shear test data are
presented in Appendix B,

C. CHARACTERISTICS OF FOUNDATION SOILS

7. Dam Embankment
a, Distribution and Description

(1) Right Abutment and Spillway. The overburden in the

right abutment of the dam foundation and the adjacent spillway channel
area is a shallow deposit of variable sands, gravels, boulders and cobbles
which ranges in thickness from 1 to 15 feet and avsrages about 8 feet,
The underlying bedrock surface is extremsly irregular with numerous out-
crops to the right (west) of Waterbury Road. Numerous large rock blocks
and boulders are scattered on the ground surface between these outcrops.
The overburden is capped with sbout one foot of topsoil and forest debris
and about two feet of sandy silt and gravelly sandy silt containing
rmamerous roots and cobbles, A deeper deposit of these silts overlies
bedrock to a depth of 6 feet adjacent to Waterbury Road in the vicinity
of the centerline of the dam, Overburden materials bensath the s&ilt
capping consist principally of variable brown, loose- to compact silty
sandy gravel, sandy gravel, gravelly sand, and gravelly silty sand. These
materials are roughly stratified in the right abutment ares and more
definitely stratified in the spillway channel area. Silt comtents of the
gravels generally range from 5 to 20 percent of the component passing the
No. Iy Sieve, The gravel contents of the sands gensrallyrnange from 10 to
35 percenmt with silt confén;,t.e ranging from 5 to 25 percent of the com-

ponent passing the No, L Sieve. In the spillway area, the materials tend

6



to be more gravelly in the approach channel area than in the discharge
channel area. In general, the silt comtents of the materials in the spill-
way area are lower than those of the materials on the right abutment area,
Subsurface water levels, in general, occur at the surface of the bedrock.

(2) Valley Section. The overburden in the valley section

of the dam embankment foundation area consists principally of varlable
sands and gravels with boulders and occasional silt pockets and lenses,
The overburden ranges in thickness from 3 to 30 feet and averages about
25 fest, Except at the ends of this section of the dam foundation area,
the underlying bedrock surface is easei:t.ially horisontal and relatively
smooth at approximetely El. 420. Immediately above the bedrock surface,
there is a concentration of boulders and cobbles in the overburden about
8 fest in thickness, The overburden is capped with surficial deposits

of topsoil, soft organic silt and soft to stiff laminated silt and sand
with occasional clay lamimse varying from 1 to 9 feet in thickness. The
thickness of this capping is greatest in the bar type deposit on the left
bank of the river in the vicinity of borings FD-15 and FD-27. Overburden
materials bensath the capping consist of generally brown, moderately com-
pact to compact roughly stratified variable gravelly silty sand and silty
sandy gravel with occasional phases of silty medium to fine sand and fine
sand, Somes thin, sandy silt lenses occur scattered throughout ths over-
burden. A S-foot pocket or lens of compact non-plastic sandy silt overlies
the bedrock on the left bank in the vicinity of boring FD-25, In general,
silt contenta of the gravels ranges from 10 tc 20 percent of the component
of the material passing the No., L Sieve. For the sands, in genersl, the

gravel contents range from 5 to 35 percent and the silt contents from 10



to 25 percent of the component passing the No. i Sieve., Both the sands
and the gravels contalin varylng amounts of coarse mica particles.

Subsurface water levels are generally at or near the river level in this
section of the foundation area.

(3) Left Abutment. The overburden in the left abutment

is a shallow variable deposit of sands and gravels with numerocus cobbles
and boulders. The overburden ranges from 10 to 15 feet in thickness and
overlies a highly irregular bedrock surface, The overburden is capped
with about 1.5 feet of topsoil and forest debris. Bemeath this capping
the overburden materials consist of varisble gravelly silty sands and

silty sandy gravels, Silt contents of the gravels generally range from
10 to 25 percent of the component passing the No, L Sieve. Gravel con-
tents of the sands; in general, range from 10 to 35 percent and the silt
contents from 10 to 25 percent of the component passing the No, L Sieve,

b, Shear Strengths, Extensive shear tests were not performed

on samples of soilas from the foundation area of the dam embankment, A
direct-shear consolidated-drained (S) test was run on material from the
foundation considered to be representative of the most micaceous phase

of the foundation soils, For this test a composite sample, LB-1, was

made up from materials from J-6, FD=2li, and from J=6 and J-12, FD-28,

The test specimens were compacted to a demsity of 109 p.c.f., which density
is estimated to be approximetely equal to the natural density, The test

was of the controlled-strain type using a rate of strain of 0.02 inch per
minute as determined from the consolidation characteristics of the test
specimens in order to assure adequate dissipation of pore pressures during

the test, The test results indicated an angle of internal friction of



35.1 degrees with no cohesion, On the basis of the grain size character-
istics and visual examination of samples, together with the shear test
results, it is considered that an angle of internal friction of 30 degrees
with no cohesion would be a reasonsble and conservative estimate for the
shear strength of the bulk of the foundation soils for uss in stability
studies, No shear tests were performed on samples of the sandy ailts
which occur in limited and scattered pockets and lenses throughout the
foundation. On the basis of grain-size characteristics and visual
examination of the samples, however, it is considered that an angle of
internal friction of 25 degrees with no cohesion would be a reasonable
and conservative estimate for the shear strength of these silts for use
in stability studies,

¢. Permeablility, Permeability tests were not run on samples

of soils from the foundation ares of the dam embankment, On the basis
of visual examination of samples and grain-size distribution curves, 1t
iz estimated vertical permeability coefficlents range from 1,0 x 10"1't
cm/sec to 20x10~l=cm/sec norizomtal cosfficiemts of permeability being
from 9 to 25 timss the vertical.

d, Consolidation., Consolidation tests were not performsd on

samples of soils from the foundation area of the dem embankment., The
soft and compressible surficial deposits will be removed prior to con-
struction of the embankment. The compressibility characteristics and
generally high natural densities of the other overburden materlals are
such that little or no settlement of the foundation is anticipated under
the proposed embankment losdings.,



8+ Dike Embankment.,

a, Distribution and Description. The overburden in the founda-

tion area of the dike embankment consists of a deposit of glacial outwash
sands and gravels overlying a glacial till deposit at depths of from 1 to
over 15 feet below the ground surface. The total thickness of overburden
in this sres is not known but the borings indicate that it varies from

1 to over LO feet and that the bedrock surface is irregular, At the
northern end of the area thers i1s a concentration of surficial boulders
which appears‘l to have resulted from the clearing of the cultivated portions
of the area to the south. The overburden is capped with from 1 to 3 feet
of topsoil, The materials in the outwash deposit are principally brown
loose to moderately compact, roughly stratified, variable gravelly silty
medium to fine sand, silty medium to fine sand, silty fine sand, sandy
gravel and silty sandy gravel with cotbles and boulders. The deposit
also includes occasional pockets or lenses of gray stiff stratified sandy
silt containing strata or laminae of clay and silty fine sand, Gravel
contents of the outwash aanc}s range from O to 30 percent while their

silt contents range generally from 20 to 4O percent of ths component
passing the No. Ly sieve., There are occasional sand strata, however, in
which the silt contents may be as low as 10 percent of the component
paseing the No, b Sleve. The silt comtents of the outwash gravels range
from 5 to 25 percent of the component passing the No., L sieve. The |
material in the glacial till deposit is principally a gray brown or gray,
compact, gravelly silty medium to fine ssnd containing cobbles and boulders,
Gravel contents are generaslly less than 20 percent and silt contents range
from 35 o 50 percent of the component passing the No. L Sieve. The

10



material is generally non-plastic. Subsurface water levels in the founda-
tion area of the dike embankment have not been definitely establishesd but
there are indications that over most of the area,levels within 3 or L feet
of the ground surface can be expected during the wetter seascns,

b, Shear Strengths, No shear tests were performed on samples
of soils from the foundation area of the dike smbankment. On the basis
of experience with similar materials, it is estimated that the sands and
gravels in the outwash deposits have undisturbed shear strenght para-
meters of at least # = 30 degrees and ¢ = O for both the R {consolidated-
undrained) and the 8 (consolidated-drained) condition and that the silt
lenses and pockets have undisturbed shear strength parameters of at least
# = 25 degrees and ¢ = 0 for the sams conditions, It is considered that
the undisturbed shear strength of the material in the glacial till deposit
in the foundation area of the dike is at least equal to the strength of
the impervious embankment material to bs obtained from the excavations
for the railroad relocation,

c. Permsability. Permeability tests were not performed on
samples of soil from the foundation area of the dike embankment. On the
basis of visual examination of samples, grain-size distribution curves,
and experience with similar materials it is estimated that the vertical
coefficients of permeability for the outwash materials range from 0,1 to
20 x 1074 cm/sec with the horizontal coefficients being about 9 times
the vertical, Permeability tests performed on a sample of impervious
embankment materials indicate that vertical coefficients of permeability
for the glacial till range from 0,01 to 0.,1x10"l cm/sec with the horizontal
coefficients being about }; times the vertical.

1



d., Consclidation. Consolidation tests were not performed on

samples of soils from the foundation area of the dike embankment. The
compressibility characteristics and generally high natural densities of
those materials are such that no significant settlements are anticipated
under the proposed embankment loadings,

9+ Railroad Embaniment. The overburden in the foundation area of

the railroad embankmemt north of Sta. 33+00 consists of a glacial till
deposit overlain in part by up to 15 feet of glaclal outwash sands and
gravels, The onrburglon 1s capped with about ons foot of topsoil and in
certain low areas with up to three feet of swamp deposits of soft organic
materials, The materials in the glacial till deposit are essentially the
same a8 those in the foundation area of the dike. While the outwash sands
and gravels are generally similar to those in the dike foundation; their
sllt contents are gignificantly lower. With the removal of the topsoil
and swamp deposits by stripping operations, it 1s anticipated that the
railroad embankment can be constructed with no significant foundationm
settlements and with adequate foundation stability against shear failure.
10, Highway Embankmant. The principsl embankment for the highway
relocation will be constructed across the swampy arsa downstream of the
dam, The overburden in this area is up to 60 feet in thickness and con-
sists of from 1 to L feet of soft surficial swamp deposits or topscil
overlying & stratified deposit of generally loose sands, silty sands,
silty fine sands and sandy silts with occasional gravel strata and
numerous micaceous phases. The sandy silts and silty fine sande in the
foundation area of this embaniment are considered to be moderately com-

pressible and some foundation settlememt is anticipated, The major part
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of the settlement will cccwr dwring construction, however, and since the
embankment height is relatively low no serious settlement problem is
anticipated. In order to avoid damage tc the completed pavement, paving
of the embankment will be deferred for as long a period as practicable.
D. CHARACTERISTICS OF FOUNDATION BEDROCK
11, General

a, Dam Embankment. The bedrock at the project site is a highly

variable schistose rock displaying varying degrees of alteration and
quartz injection., The generalized structure of the bedrock is one of a
low angle foliation dip to the west and a steeply dipping randomly spaced
Joint pattern parallel and normal tc the structural foliation. Rock on
the right abutment of the dam is generally open and weathered to depths
of 10 to 15 feet and it is predicted that the natural rock surface will
present an irregular stepped structure, The left abutment will present
a somewhat smoother surface due to the foliation dip more closely approx-
imstely the natural rock surface. The rock surface of the pre-glacial
stream bed is expected to be relatively flat with generally little to no
weathering of the rock surface.

b, Concrete Structures. The foundation grades for concrete

structures at the dam have been generally selected below the zone of
most intense weathering and close jolnting. No special foundetion
treatment is considera;l necessary for the splllway slll or retaining wall
structure. Line drilling will be required along the conduit excavation
below the top of conduit to assist In preservation of side rock. A
detailed discussion of rock conditions in relation to concrete structures
is discussed in Design Memorandum No, 2, "Site Geology" and No, 8
"Detailed Design of Structures.®

13



12. Special Rock Conditions. It is anticipated that large quantities
of rock excavation in the railrocad relocation will be unsuitable for use
as rock f£ill or slope protection material due to a highly brecciated rock
condition. Random composite samples of the fault gouge material indicate
a material with about 16% passing the No. 200 Sieve fraction. The zone
of faulted rock will not consist wholly of uniformly fine grained materi-
als but will contain random brecciated plieces of more resistant quartzitic
rock types and recemented highly friable schist fragmenta, The actual
quantities of unsuitable rock cannot be accurately predicted and mixing
of fine rock gouge with the generally pcor quality rock in the area could
result in an estimated 60% of the rock that would be unsuitable for use
as a free draining material.

E. CHARACTERISTICS OF EMBANKMENI MATERIALS.

13, QGensral, The quantities of materials to be excavated in the
construction of the highway and railroad relocations will be considerably
in excess of the quantities of material required for the construction of
the relocation fills, The total excess quantitiss of theses materials will
be approximately equal to those required for the construction of the
embankments for the dam and dike exocept for a shortage of impervious
embankment materials. While the utiligation of these materials in the
dam will require extensive stockpiling, there will be a significant
savings in so doing in comparison to other schemss involving the spoiling
of these materials and the construction of the dam from borrow materials,
The embanimments for the dam and the dike, therefore, have been designed
on the basis of utilizing excess materials from the relocation excavations

and from the required excavations for the dam itself. A= a result of a

1,



reconnaissance made for borrow scurces of additional quantities of imper-
vious embankment materials, a deposit of glacial till was located on a
hillside about one-half mile south of the damsite (Area A). This deposit
was explored and found to contain an adequate quantity of suitable imper-
vious embankmsnt material and was therefore selected as the source for
impervious borrow materials. Reconnaissance and investigations were also
carried out to locate sources of granular and pervious types of materials
which would be required to facilitate utilization of the materials from
the relocation excavations in the dam and the dikes, The characteristics
and sources of the various materials selected for use in the embankments
are discussed belowy

14, Embankment Materials from Required Excavations,
a, Distribution and Description,

(1) Random Embankment Materials. Materials from required

excavation for use in the random fill zones of the dam and dike embank-
ments will be obtained from the glacial outwash deposits in the upper
portions of the excavations for the railroad relocation and from the
excavations for the highway relocation. The materials in these deposits
consist principally of highly variable gravelly silty medium to fine sands
and silty medium to fine sands with occasional gravel phases and numerous
lenses and pockets of sandy eilt, Gravel contents of the sands are
generally less than 30 percent. 3ilt contents of the sands vary widely
ranging from S to LS percent of the components passing the No. L Sieve.
As a rule, however, the silt contents are lower and less variable at the
southerly end of the excavations ranging from 5 to 30 percent of the
components passing the No, L Sieve., The larger silt pockets and lenses

LI N I R R RO R I L

15
L e



encountered in the excavations will be separated and placed in the spoil
areas, By obtaining rendom embankment materials from the southerly end
of the railroad excavations to the extent feasible and by eliminating
the larger silt pockets and lenses, it is anticipated that the bulk of
the resulting random embankment materials will consist of gravelly silty
medium to fine sands and silty medium to fine sands having silt contents
ranging from 10 to 30 percent of the component passing the No, i Sieve,
(2) Impervious Embankment Materials. Materials for use

in the impervious fill sections of the embankments for the dam and the
dike wlll be obtained, in part, from the required earth excavations for
the railroad relocation and, to a lasser extent, from borrow excavations
in Area A, The materials from the reilroad excavations will be obtained
from the glacial till deposit in the lower portion of the cuts between
approximately Stations 43+00 and 55+00, These materials, in general,
consist of moderately compact to compact gray brown and gray gravelly
8ilty medium to fine sands with cobbles, Gravel contents vary from

5 to 25 percent and silt comtents gererally from 35 to 4S percent of
the component passing the No, L Sisve,.

(3} Pervious Babanln torials, Materials for use in
the pervious fill section of the dam will comsist of granular materials
excavated in the construction of the foundation cut-off of the dam and
to a lesser degree from earth excavation in the »pillway. Thes=e materials
consist of well.graded gravelly silty sané and silty sandy gravel having
gravel contents ranging from 5 to 70 percent and silt contents ranging
generally from 5 to 20 percent of the component passing the No. L Sieve.
311t pockets and lenses encountered in the excavations from which the
pervious fill is being obtained will be separated and spoiled.
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(4) Highway and Railroad Embankment Materials. Materials

for use in the highway and railrocad relocation embankments will consist
of materials from required earth excavations for the relocations and thosze ‘
materials from the required rock excavations for the relocations which are
not utllized as rock slope protection materials, These materials will
consist of earth, brecciated rock, and rock. The earth materials will
consist principally of gravelly silty sands and silty sandy gravels
generally similar to the rendom embankment lmateriala except that wider
variations in gradation are anmticipated. ‘;he brecciated rock (fault
gonge) after compaction, will be essentially a micaceous gravelly silty
sand, The remaining rock will be similar to that described in Paragraph
17 for rock slope protection sxcept that compaction is expected to produce
a higher percentage of fines,

b. Permeability,

(1) Random Embaniment Materials, Permeability tests were
not performed on samples of random embankment materials, On the basis of
visual examination of samples, grain-size distribution curves, and
experience with similar materials, it is estimated that the vertical
coefficients of permsability of a compacted fill of these materials will

be variable ranging from 0,1 to 20 x 107b cm/sec with the horizomtal
coefficients belng abouwt 9 times the vertical.
(2) Impervious Embaniment Materials. FPermeatbility tests

performed on a sample of impervious embankment material from the railroad
relocation area indicate that the vertical coefficient of permeability
of compacted fills of impervious embankment material obtained from the
required excavations will range from 0,01 to 0,10 X 10~k cm/sec with the
horizontal coefficient being about 9 times the vertical,
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(3) Pervious Embankment Materials. Permeability tests

wers not performed on samples of pervious smbankmant materials, On the
basis of visual examination of samples, grain-size distribution curves
and experience with similar materials, it is estimated that the vertical
coefficient of permeability of a compacted f£ill of these materials will
range from 1 to 20 x 1074 om/sec. with the horizontal coefficients being
about 9 times the vertical,

c. Consolidation. Consclidation tests were not performed on

samples of embanlment materisls from required excavations, Experience
with simi®er materials indicates that they are of low compressibility
when compacted and that no significant settlements will occur in compacted
fills of these materials,

d, Cmction.
(1) Random Embankment Materials, Standard AASHO compaction

tests were performed on three samples of random embankment materials from
tost pit E'-2 located on the railroad relocation. The samples were silty
medium to fine sands containing 1ittle or no gravel and about LO percent
silt. They are consequently considered tc be representative only of the
siltier phases of the materials to be obtained from the railroad excavetion,
Maximum test densities ranged from 118,9 to 123,0 pcf at optimum moisture
contents of from 10,8 to 11.8 percent. The natural moisture contents of
the samples averaged about 3.8 percent above optimam, It is estimated

on the basis of visual examination of all semples, their grain-size
distribution curves and experience with similar types of materisls, that
maximum densities of the bulk of the random embankment materials will be
significantly higher than those determined for the samples from EI'-2

18



and will be in the range between 120 and 130 pcef, Natural moisture contents
appear to be relatively high for all these materials but it is anticipated
that as a result of seasonal drying, combined with the effects of con-
struction operastions, placement moisture contents less than 2 percent
above optimum, can be obtaingd without difficulty.

(2) Impervious Embankment Materials. A Standard AASHO

compaction test was performed on a sample of impervious embankment
material from test pit F'-LA located on the railroad relocation alignment,
This sample is considered to be representative of the bulk of the imper-
vious embankment materials to be obtainmed from required excavations,
The maximum test density was 130.8 pof at an optimum moisture content of
9,li percent. The natural density of this material, as indicated by
chunk samples, is over 98 percent of the maximum test density and the
natural moisture comtent about one percent below optimum., It is estimated,
however, on the basis of the moisture contemts of samples from other
explorations that natural molsture contemts of these materials, in general,
are at or slightly above optimum,

{(3) Pervicus Embankment Materials, No compaction tests

were performed on samples of pervious embankment materials. On the basis
of experience with similar materials, it is estimated that rucmbgmm: test
densities of these materials are on the order of 125 pcf and -that while
optimum moisture contents vary, the sensitivity to qhanges in moisture
content is relatively low. In general, it is anticipeted that moisture
conterts during placement will bs within a range permitting adequate

compaction,
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(L) Highway end Railroad Embankmemt Materials. No compac-

tion teste were performed on samples representative of the bulk of the
highway and railroad embankment materials., 8ince these materials sre
essentially of the same type as the random embenkment materials, it is
estimated that their compaction characteristics are approximately
identical, A compaction test was performed on a sample of the brecciated
rock (fault gouge) in the Harvard Miniature Compaction Test apparatus,
The materisl was placed inthe mold in 3 layers and sach laysr compacted
with 25 blows of 40 pound spring tamper, The maximum test density was
119,6 pot at an optimum moisture content of 11.2 percent. The test was
performed on the portion of the sample passing the No. l Sieve,

e. Shear Strengths,

(1) Random Embsnkment Materials. Shear tests were not

performed on samples of random embankment materials from required excavations,
Experience with similar t;;pes of materials indicates that a comparatively
wide range of shear strengths may be expscted for these materials, It
is considered that the portion of random embankment materials having the
least shear strengt.h will have strengths slightly greater than that of
the impervious embankment materials., In view of this and the probability
that significant quantities of impervious nﬁteriala may be used as random
embaniment materials, it is considered reasonable to assign the same shear
strength to both types of materisls.

(2) Impervious Bmbankment Materials, Sample B-1 from

test pit ET-4A on the railroad align!ient was sslected for shear testing
as being representative with respect %0 gradation and other physical
characteristics of the bulk of impervious embankment materials to be
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obtained from required excavations for the railroad relocation, Test
specimens were compacted at optimum woisture content, optlimum plus 2
percent, and optimum minus 2 percent to corresponding densitites on the
compaction test curves, All tests were of the comtrolled-strain type using
rates of strain of 0.025 inch per minute for the Q {unconsolidated-
undrained) and the R {consolidated-undrained) tests, and 0.003 inch per
minute for the S (consclidated-drained) testz, The latter rate of strain
was determined from the consolidation cheracteristice of the test speci-
mens in order to assure adequate dissipation of pore pressures during
these tests,

(3) Pervious Embankment Materials, Shear tests were not

performed on samples of pervious embankment materials, On the basis of
experience with similar materials, it is estimeted that the assignment of
a shear strength parameter of f = 32 degrees with no cohesion would be
reasonably conservative for design purposes. In this connection it is
pointed our that a combined sample of material from the dam foundation
similar to the coarser portion of the pervious embankment materials was
tested :and found to have an 8 {consolidated-drained) shear strength of
g = 35,1 degrees and no cohesion.

(L) Highway and Railroad Bubankment Materiald. Shear tests

were not performed on samples of rock and earth embankment materials for
the highway and railroad embanikments, It is considered that the shear
strengths of the earthfills and rockfills will be more than adequate for
the selected embanlownt soctim;s. A direct shear test performed on a
sample of the brecciated rock (fault gouge) from the railroad relocation

showed this material to have an R (consolidated-undrained) shear strength
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of § = 25,1y degrees and ¢ = 0,75 TSF, On the basis of these test results

it ie considered reasonable to assume and S {consolidated-drained) shear

strength of at least § = 30 degrees and no cohesion for design purposes,
15, Borrow Materials,

a. General. Impervious embankmsnt materials required in
addition to those available from the earth excavations for the railroad
relocation will be obtained from a borrow ares to be established in Area
A, The limits of this borrow area will be based upon final quantity
figures,

b, Distribution and Deacription of Materisals. Ths overburden

in Area A consists of a glacial t1ll deposit partially capped with a
relatively thin deposit of glacial outwash sands in the portion of the
area above Elev, 550, The area is covered with about one foot of top=-
soil, The materials in the glacial til) deposit are gray brown to gray,
moderately compact to very compact gravelly silty medium to fine sands
with cobbles, These materials are generally non-plastic but occasional
slightly plastic phases occur in the deeper portions of the deposits,
CGravel contents of the materials are generally less than 20 percent
while silt contents range from 30 to L5 percent of the component passing
the No, L Sieve. The outwash sands in the capping consist of brown loose
to moderately compact roughly stratified gravelly silty sand and silty
sand with cobbles, Gravel contents are gensrally less than 30 percemt
and silt contents range from 10 to 20 percent of the component passing
the No, L Sieve., It is estimated that sufficient impervious material
for ewbsniomiits can be obtained from the lower part of this area where

removal of the outwash sands would not be required, In the avernt that
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operations have to be extended requiring excavation of the outwash mater-
ials, they could be utilized in the highway or railroad embankments or in
the random £ill sections of the dam or dike.

co Permeability. Permealbility tests were performed on a sampls

of the more pervious phase of the impervious embsnkment materials from
Area A, On the basis of the results of these tests, visual examination
of other samples and their grain-size characteristics, 1t is estimated
that the vertical coefficiants of permeability of compacted fills of these
materials will range from 0,1 to 0.5 x 10~ cm/sec. with the horizontal
coefficient being 9 times the vertical.

d, Consolidation. Consclidation tests were not performed on

sanples of impervious embankment materials from Area A, Experience with
gimilar materials indicates that they ere of low compressibility and
that no significant settlements will occur in compacted fills of these
materials,

e, (Compaction, Standard AASHO compaction tests were performed
on two samples of impervious smbanloment materials from Area A representa-
tive of the coarser phases of these materidls near the ground surface. On
the basls of the results of these tests and experience with materials
similar to the finer phases of the materials in this deposit, it is anti-
cipated that maximum test densities for these materials will range from
120 to 130 pef at optimum moisture contents ranging from 9 to 12 percent,
Natural moisture contents of these materials are generally above optimum
but it is expected that drying incidental to excavation and spreading
operations wiil result in placement moisture contents ranging from 2 per-

cent below to 2 percent above optimum,
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f. Shear Strengths., On the basis of data obtained from the

subsurface explorations, the material between depths of 2.2 and 10,0 feet
at boring BD=2 was considered to be representative with respect to grada-
tion and other physical characteristics of the bulk of the impervious
embankment material to be obtained from borrow excavations in Area A

and waz consequsntly selected for shear testing. A composite sample
(B-L) was obtained from test pit Br-6 located within 5 feet of ED-2 for
shear testing. The gradation of this sample was different from that of
the samples taken from ED-2 and was representative of the coarser phase
of the soils in the deposit., It 1= considered, however, that this sample
is actually more representative of the bulk of the impervious embankment
material as it will come from the borrow excavations than the small
individual samples from the borings. All tests were performed on pre-
viously deseribed in sub-paragraph lhie(2) for shear tests on impervious
materials from required excavations,

16, Embankment Drainage Materials and Gravel Bedding.

a., Genersl, Reconnaissance was made to locate sources of gravel
bedding materials and embankment drainage materials for use in the drainage
blankats and other drainsge features of the embankments, It was found
that considerabls quantities of relatively clean sand and. gravels are
available in the terrace formations within the limits of the reservoir,
There are presently two commercial suppliers of concrete aggregate working
in some of the terraces bstween 1, and 2 miles upstream of the dam site.
In view of the proximity of these developed sources and the relatively
small quantity of material required, the expense of exploring and develop-
ing other areas is not considered Justified especially since the Govern-
ment will acquire these spurces for the reservoir. Reconnaissance beyond
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the limits of the reservolr area indicated that there are at least four
commercial sowrces of sands and gravels within 10 milss of the dam site.
On the basis of the foregoing considerations, it has been declded to have
the contractor furnish embankmsnt drainage materials and gravel bedding ,
for this project from approved sources which will include the twe within
the ressrvoir from which the comtractor will be permitted to obtain the
materisl without charge.
b. Sources.

(1) MoCleary BErothers Company. McCleary Prothers Company

operates a crushing and washing plant within the reservoir limits about
1.4 miles by paved road upstream of the dam site., Materials for the plant
are obtained from a low terrace on the west side of Todd Hollow Brook and
another terrace on the east side of the brook adjacent to Todd Hollow
Road, The materials in the west pit consist of gravelly sands and sandy
gravels with cobbles and small boulders. The materisls in the sast pit
are generally sandier and more variable. The gravels from this source
have fine contents of lees than 15 percent of the componemt passing the
No. L 8ieve, The sands vary from well graded sands containing less than
10 percent gravel to gravelly sandas containing from 30 to S0 pereent gravel,
Fins contents of the sands are gensrally less than 5 percestt of the com-
ponent passing the No, k Sieve, . ¥

(2) Johnson Sand and Gravel Company. The Johnson Sand

and Gravel Company operates a processing plant within the limits -of the
reservoir about 2 miles by paved road upstream of the dam site, Materials
for the plant are obtained from two pits in terraces on the west side of
Todd Hollow Brook, The materials from this source are essentially the
same &8 those in the McCleary pits,
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¢, Qradation Specifications,

(1) Genersl, Investigations of the various sources of
gravel bedding and embankment drainage materiale indicate that the
following gradation spacifications can be satisfied by materials avail-
able from the two sources within the reservoir limits or from commsrcial
sources within 10 miles of the dam site. The specifications for materials
which will act as filters have besen established in accordance with the
filter design criteria set forth in the Engineering Manusl for Civil
Works Construction, |

(2) Gravel Bedding. Gravel bedding materials for use in

the smbankments and alsewhers on the project shall consist of reasonably
well graded bank-run sandy gravel furnished by the contractor from approved
sources, Of the portion of the material passing the 3-inch sieve, from

25 to 60 percent shall pass the No, L Sieve and of the component paseing
the No, L Siesve, no more than 15 percent shall pass the No. 200 Sieve.

(3) Gravel Fill, OGravel fill material for use in the
embankments and elsewhere on the project shall consist of reasonably well
graded bank-run sandy gravel or gravelly sand furnished by the contractor
from approved sources, Of the portion of the material passing the 3-inch
Sieve from 25 to 60 percent shall pass the No. L Sieve and of the component
passing the No. Ui Sieve, no more than 10 percent shall pass the No, 200
Sieve,

(L) Sand Fill, Ssnd fill material for use in the embank- -
ments and elsewhere on the project shall consist of reasonably well
graded bank-run gravelly sand or sand furnished by the contractor from

approved sources, Of the portion of the materials pessing the 3-inch Sieve,
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from 50 to 100 percent shall pass the No, 4 Sieve and of ths component
passing the No. L Sieve, no more than 10 percent shall pass the No.
200 Sieve.

d. Permeability. Permeability tests were not performed on

samples of gravel bedding and embankment drainage materials, On the basis
of visual exsmination of samples, grain size characteristics, the speci-
fled gradations, and experience with similar materials, it is estimated
that vertical coefficients of permeability for theses materials will be

in excess of 100 x 10"‘ cm/sec and that the horizontal coefficients will
be about 9 times the vertical.

e¢. Shear Strengths., Shear tests were not performed on samples

of gravel bedding and embankment drainage materials, Experience with
simllar materials indicate that the following estimated shear strength

parsmeters are reascnably conservative:

Material g, degrees ¢, T/SF
Gravel Bedding 35 0
.Grqvel Fill 35 0
Sand Fill 30 0

17. Rock Slope Protection, Rock slope protection materials will be

selected from the required rock excavations for the project. The mater-
ials to be used on the dam and dike embankments will be obtained from the
excavations for the outlet works and spillway and, in part, from the
excavations for the highway relocation. The rock materials is gensrally
a weak (1000 pei unconfined compressive atrength) highly foliated mica
schist which displays a relatively high resistance to alteration under

the magnesium sulfate soundness test (0,17% loss in S cycles), The unit
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welght of the rock is approximately 175 p.c.f. The major portion of the
rock, because of its highly fissile nature, is susceptible to breakdown
from excavation, stockpiling, handling and trsfficking. To the extent
practicable, rock slope protection materials will be obtained selectively
from the sounder phases of the rock beirg excavated, However, it is
anticipated that rock slope protection layers will contain high percent-
ages of rock dust and small rock fragmemts. On the basis of expsrience
with simllar types of rock slope protection materials, it i=s estimated
that the angle of internal friction for the materials for this project
will be about 35 degrees,
F. DESIGN OF EMBANKMENTS

18, Criteria. Current design criteria as set forth in the pertinent
sections of the Enginsering Manual for Civil Works Conmstruction were
followed in the design of the embankments for this project,

19. _Haterials for Bmbsnkment Conatruction,

a, Materials from Required Excavations,

(1) Earth, Present estimates indicate that there will be
about 378,000 cubic yards of earth excavation required for the construction
of this project., The estimated quantities of the variocus types of mater-

1al to be excavated are as follows:

Type of Material Quantity
Stripping 88,000 c.y.

Random Embankment Materials
and Relocation Embankment

Materials 210,000 ®
Pervious Embankment Materials 30,000 ®
Impervious Embankment Materials 50,000 "
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The foregoing quantities represent excavation volumes to
which a balance factor must be applied to obtain the corresponding
embaniment quantities, To account for losses due to shrinkage, oversize
stones, waste, and other causes a balance factor of 0,7 has been selected
for those materials which will be stockpiled prior tc placement in an
embankment and those materials excavated from the dam foundation and
the spillway area. For all othe_;' earth meterials which will be placed
directly in the embankment a balance factor of 0.8 has been selected,

(2) Rock, It is estimated that there will be about
86,000 cubic yards of rock excavation required for the construction of
this project, About 36,000 cubic yards of this total will consist of
poor quality rock from the railroad relocation wheih will be utilized
in the construction of the railroad embaniments, Another 6,000 cubic
yards of this total will consist of unusable rock from the excavations
for the spillway and outlet works which will be placed in the spoil areas,
The remaining L4},000 cubic yards of material will consist of relatively
sound rock which will be utilized as rock slope protection material to
the extent required. Excess sound rock will be incorporated into the
railroad embankments., Considering bulking, losses dus to stockpiling
and transportation, the breakdown of the material due to handling,
rehandling and compaction, and possible inaccuracies in quantity deter-
minations; a balance factor of 1,0 hag been selected for all materials
to be obtained from the required rock excavations,

b. Borrow. The quantity of lmpervious embankment materials
from the required excavations will not be sufficient to complete the

impervious fill zones of the dam and dike embankments. The required
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additional material will be obtained from a borrow area to be established
in Area A. It 1s estimated that over 100,000 cubic yards of imperviocus
material are available from this area,vwhich would required about 15,000
cuble yards of stripping and the removel of about 30,000 cubic yards of
overlying sandy materials. Present estimates indicate that less than
40,000 cubic yards of impervious material will be required from borrow.
This quantity could be obtained from the lower portion of Area A by
removing approximately 5,000 cubic yards of overlying materials, To
account for losses due to shrinkage, waste, oversize stones,; and cther
causes a balance factor of 0,9 has been selected for the impervious em-
bankment materials obtained from Ares A,

¢, Materials Furnished by the Contractor. Gravel bedding and

embankment drainage materials will be furnished by the comtractor from
approved sources,

d. Materials Usage. A chart indicating the proposed usage of

materials from required excavations and borrow excavations is shown on
Plate No. 6-33. The quantities on the chart are preliminary and will be
subject tu change during final design studies.

20. Selection of Embankment Sections.

8, Gensral. The selection of the embankment sections for thias
project was influenced in great measure by the large volums of required
excavations and the economic desireability of utilizing materials from
these excavations to the maximum practicable extent. The selection of
the embankment section for the dam was alsc influenced by the fact that
completion of the relocations would proceed the construction of the dam,

Typical embankment sections ars showun om Plates Nos. 6.16 through 6-19,
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b, Dam. The embankment section selected for the dam consists
of an inclined upstream impervious fill zone, with a contiguous imper-
vious foundation cut-off to bedrock, a random fill zone, a pervious fill
zons, an inclined downstream sand fill zones, a horizontal drainage blanket,
and rock slope protection with gravel bedding, Thypervicus fill zone
has been designed sc that it can be constructed 61‘ materials from the
excavation of the foundation cut-off trench and the spillway channel as
the excavation progresses. Ths proportions of the various zones have been
selected 80 as to reduce the amount of borrow and the stockpiling of
materials from the relocation sxcavations to the extent feasible, The
foundation cut-off was selected in preference to an upstream impervious
blanket as furnishing more adequate control of seepage through the
pervious strata of the embankment foundation at a cost not significantly
greater than that of blanket.

ce Diks. The embankment section selected for the dike consists
of an inclined impervious fill zons with a contiguous reservoir side
impervious fill blanket, a random fill zons, a msmall sand fill zone, rock
slope protection with gravel bedding on the reservoir side slopes and
sesded topsoll on the landside slopes., This type of section was selected
so as to facilitate direct utilization of materisls from required excava-
tions and to minimize use of impervious material so that more would be
available for use in the dam embankment, The impervious blanket was
sslected in lieu of a foundation cut-off as being more practicable with
respect to construction and as providing adequate seepage conmtrol with
the relatively low heads involved.

d. Relocation Embankments, The embankment sections selected

for the railroad and highway relocations will consist of zones of materials

31



from required rock and earth excavations., To the extent pract.icablle, the
materials from the rock excavations will be placed in the lower portions
of the embankments located within the reservoir. Rock slope protection
with gravel bedding will be provided for the embankments as required,

21, Slope Protection. Slope protection consisting of materials

from required rock excavations and of gravel bedding will be provided

to prevent erosion by waves and raimwater. Slopes on the reservoir sides
of the embankments will be subject to the action of ;raves up to 2.3 feet
in height. The minimum thickness of graded riprap and the stone sizes
required for this wave height by current criteria for various embankment

slopes are as follows:

Slope Min, Thiclmess Stone Weight in 1bs,
in inches Min, Max. Avg.
1 on 2 12 6 200 50
1 on 25 12 5 170 L2
lon3 12 h 130 32

While materials from required rock excavations will not meet the above
requirements without processing, it ie considered that equivalent pro-
tection will be developed by those materials if placed in laysrs 2 feet
thick. Rock slope protection on the downstream slope of the dam embank-
ment will be 2 feet thick in order to permit use of a larger portion of
the available reck excavation without processing and to avoid the comn-
struction difficu;.tiu involved in the placement of relatively thin
layers of stone.

22, Soopqg. Contreol, ng_aml Dike.

a. Through Seepags.

(1) Dam. Pore pressures and exit velocities rssulting
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from through seepage will be controlled by the arrangement and differences
in permeability of the impervious, random, pervious and sand fill zones

and the horizontal drainage blanket, Although it has been assumed for
stability studies that the permeabilities of the random and impervious

£111 zones are the same, it is more probable that the random £ill will

be significantly more pervious and that in actuality no significant seep-
age pore pressures will develop in the dam embankment at locations where
they could effect its stability. The quantities of seepage passing through
the dam embenkment will mot be significant.

(2) Diks,. Pore pressuras and exit velocities resulting from
through seepage will be controlled by the arrangement and differences in
permeability of the impervious, random, and sand fill zones. The quanti-
ties of sespage passing through the dilm embaniment will not be significant,

b, Foundation Seepage.

(1) Dam, Seepage through the overburden in the foundation
of the dam embankment will be controlled by an impervious cut-off to bed-
rock having a bottom width of 25 feet and the horizontal drainage blanket.
While the bottom width: of the cut-off is greater than that required by
seepage control criteria, it was selected as being the minimum practicable
width for construction. Seepage through the bedrock on the abutments will
be controlled by a,grout curtain., While a grout curtain is not considered
necessary to comtrol seepage through the bedrock in the valley section
of the dam foundation, provision will be made for the treatment of any
small faults or open joints encountersd during excavation of the cut-off
trench, If these openings are small, localized grouting will te employed
while larger openings will be filled to twice their width with concrete.
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Xf adaquate sealing ty grout or concrete should prove impracticable,
relief drainage will be provided in the form of drain holes drilled in
the rock under the downstream portion of the embankment.

(2) Dike, Seepage through the foundation of the dike
embankment will be provided by an impervious blanket on the reservoir
gide of the dike. The dimesnsiona of the blanket have been selected so
that sespage gradients through the foundation will not exceed 10 percent
with the reservoir pool at its maximum level and so that seepage gradients
through the blanket will not exceed those through its foundation.

¢. Copstruction Requirements. In order to assure the maximum

efficiency of the seepage control features described above, the following

construction requirements will be incorporated in the contract specifications.
(1) Impervious Fills on Bedrock. It will be specified

that all bedrock surfaces upon or against which impervious fill is to be
placed shall be prepared in such a manner as to assures:

(a) The tightest practicable contact between the £il11
and the bedrock surface.

(b) Adequate compaction of the fill adjacent to the
bedrock surface,

(¢) Protection against the migration of f£ill mater-
ials into joints and similar openings in the bedrock under seepage forces,

(2) Drainage Planket on Bedrock. It will be specified

that all bedrock surfaces upon or against which the drainage blanlket is
to be places shall be prepared in such a manner as to assure adequate
drainsge of the joints= and similar openings in the bedrock beneath the
blanket,



23, FPmbaniment Stability, Dam and Dike.

a. General, The dam and dike embankments have been analyzed
for stability against shear failure using the method of infinitestimal
slices excpet for certain special studies in which the wedge analysis
method was used, The design shear strengths and unit weights for the
impervious embankment materials were selected on the basis of laboratory
test results, The design shear strengths and unit welghts for the other
embankment materials were selected on the basis of expsrience with similar
types of materials. |

b, Conditions Analyzed.
(1) End of Construction, The enmbankment were analyzed

for stability at the end of construction on the assusption that the time
required to construct the embankment would be too short to permit sither
consolidation of the impervious and random embankment materials under the
applied embankment loads or the dissipation by drainsge of the induced
pore pressures in the sams materials. Simnce the conditions of this
assumption are analogous to those of the unconsolidated-undrained (Q)
shear test, the analyses were made using deaign shear strengths for the
impervious and random embankment materials based on this test condition,

(2) Operating Conditions.

(a) Steady Seepage, The dam embankment was analyzed

for stabilitff under the steady seepage condition. For purposes of this
analysis, a flow net was constructed for the embankment ssction based on
the assumption of equal permeabilities for the impervious and random fill
zones, This flow net is shown on Plate No, 6-32, Design shear strengths
based on the consclidated-drained (S) snd consolidated-undrained (R) shear
strengthe were used in the gnalysis,
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(b) Partisl Pool. The dam and dike embankment were
analyzed for stability at vearious reservoir pool levels to determine the
pool level at which embankment stability would be at a minimum, Design
shear strengths for the consolidated-undrained (R) condition were used
for the impervious and random fill zones for this analysis.

(¢) Sudden Drawdown. The dam and dike embankment

' were analyzed for stability during sudden drawdown of the reservoir pool
using design shear strengths for the condolidated-undrained (R) condition
for the impervious and random £ill gzones, Drawdown f:lc-om maximum pool
(Elev. 500) and from spillway crest (Elev, L48L) to the inlet sill (Elsv.
4S}4) were considered in these analyses.

c. Selection of Design Values,

(1) Unit Weights., The impervious, random;, and perviocus

materials for the smbankment will be compacted with sheepsfoot or rubber-
tired rollers in accordance with a compaction specification which has
been used by this Division in the past for embaniments of similar materials,
Experience with this specification indicates that the densitlies of the
upper layers of fills compacted at moisture contents within the range
anticipated for this project will average about 98 percent of maximum test
densities while the densities of the lower layers will approach 100 percent.
The design unit weight for the impervious material, thereforse, has been
selected on the basis on maximum test densities as adjusted to include the
weight of the average stoms content. The design unit weights for the
other embankment materials and the foundation materials have been selscted
on & similar basis using estimated densities based on experience with
similar lmtoriala. The various design unit weights selected for this
project are tabulated beloy.
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Design Unit Weight in Pounds per Cubic Foot

Material Dry Moist Saturated Submerged
Rock Slope Protection 120 - 140 78
Gravel Bedding 135 10 U5 83
Sand Fill and

Gravel Fill 120 132 138 76
Random, Pervious &

Impervious Fill 130 140 145 83
Poundation Soils 125 135 140 78

(2) Shear Strength. The design shear strength parameters
for the various embankment and foundation materials have bsen selected
on the basis of conservative interpretations of laboratory shear test
results and experience with similar materials. For the stability analyses,
it has baen assumed that the shear characteristics of the random mater-
ials would be the same as those of the impervious materials. While this
is a very conservative assumption, it is considered justified since the
impervious materials sre the more critical with respect to shear strength
and since it is probable that some impervious material may be placed in
the random f£ill zonss, The design shear strength parameters for the
impervious and random materials, therefore, have been selected on the
basis of the minimum valuss indicated by shear tests performed on samples
of impervious materials, The design shear strength parameters for the
other embankmsnt materials have been selected on the basis of experience
with similar materials, ‘!‘ha-/ design shear strength parameters for the
foundation soils have been selected on the basis- of experience with similar
s0ils augmented by limited shear testing. The design shear strength para-

meters selected for the various materials are tabulated below.
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Design Shear Strength Parameters

Material S Condition (CD) R Condition (CU) Q Condition (Q)
¢ ¢ ¢ c @ ©
degrees T/8F degrees T/SF degrees T/SF
Rock Slope
Protection 35 4] - - - -
Gravel Bedding 35 0 - - - -
Sand Fill & Gravel 32 0 - - - -
Pervious Fill 32 0 - - - -
Random Fill & 3k4.6 0 22.4 0.1 21.3 0.b
Impervicus Fill
Foundation, Dam 30 0 - - - -
Foundation, Dike  3L.6 0 22.4 0,1 21,3 0.k

4. Sections Analyzed,

(1) Dam. The downstream pertion of the dam embankment at
Sta, 6+60 was selected for analysis for thé steady seepage and end of con-
struction conditions as being the most critical with respect to stability
because the slopes height at this point is greatest for this side of the
dam, Upstream portions of the dam ewbankment at Sta., 5+50, 6+40, and
7+70 ware sslected for analysis for the partial pool, sudden drawdown,
and end of construction conditiona, Ths presence of the berm on the
upstream slope at varying elsvations along the dam necessitated the analysis
of these three sections to determine which wers critcial with respect to
stability for the varieus conditions. The section at Sta. 5+50 was
selected because it has the greatest height of contimuous slope above the
berm, that at 6+40 because it has the maximum total slope height, and

that at 7470 because it has the greatest continuous slope height below the
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berm combined with an appreciable depth of foundation soil.
(2) Diks, The upsteam portion of the dike embankment at

Sta, L4L6+50 was selected for anslysis for the sudden drawdown partial
poel and end of construction conditions as being the most critical with
respect to stability because it has the maximum slope height, The down-
stream portion of the dike embankment was not analyzed inasmuch as its
height is low, seldom exceeding 10 feet.

s. Results of Embankment Stability Analyses, The results of

the embankment stability analyses are summarized on Plates Nos. 6-20
through 6-23 for the dam and on Plate No, 6-28 for the dike, Typical
anglyses are shown on Plates Nos, 6-2h through 6-27 and 6-29 through

6-31, The minimum factors of safety against shear failure are as follows:

Minimum Factor of Safet
Reservolr Side (U/5) Land gide (D/s)

DaM
End of Construetion 2,09 @ Sta. 5+140 1.66 @ Sta, 6+60
Steady Seepage - 1.48 @ Sta. 6+60
Partial Pool
(Pool @ Elev, 4476) 1.57 @ Sta, 5+50 -

Sudden Drawdown

From Max, Pool 1.07 @ Sta., 5+50 -
From Spillway Const, 1.18 @ Sta. T+70 -
DIXRE
End of Construction 2,80 @ Sta, L6450 -
Partial Pool
(Pool @ Elev, 483) 1.46 @ Sta, L6+50 -

Sudden Drawdown

From Max. Pool 1.08 @ Sta. L6+50 -
From Spillway Crest 1,31 @ Sta. L6+50 =

39



The foregoing minimum factors of safety are considered to be adequate and
the results of the stability analyses indicate that the selected embank-
ment sections are safe against shear failure,

f. GSpecial Stability Studies. The downstream portion of the

dam embankment was analyzed for stability against shear failure by the
wedge method to determine the possible effects of the occcasional silt
lenses and pockets in the foundation soil., Assuming strength parameters
of @=25 degrees and c=0 for the silt and assuming that a pocket or lense
occurred in a continuous horizontal layer it was dstermined that the
factor of safety against failure by this mode is in excess of 1.5, In
view of this and the probability that the silt pockets or lenses are not
continuous this factor of safety is considered adequate

2. Stabllity of Relocation Embankments, No stability analyses

were made of the embankments for the railrocad and highway relocations.
The eections selected are of the types normally used for highways and
railroads except that flatter slopes have been adopted in those reaches
of the embankments subject to reservoir drawdown.

25. Settlements. The foundation and embankment materisls for the
dam and dike are of types which normlly exhibit very low compressibility,
No significant settlements are therefore anticipated in either the founda-
tions of these embankmemts, Settlements of the relocation embankments
will be within normal limits for this type of construction,

26. Removal and Disposal of Unsuitable Materials., A1l topsoil and

other crganic surficial materials will be removed from the dam and dike
embankment foundation sreas together with surficial boulders and rock

blocks. In addition, the swamp deposits of soft organic silt, and laminated
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silt and sand in the valley section of the dam foundation will be removed
to thelr full depths, The the extent required, the topsoil thus removed
will be utilized on those portions of the cut slopes which are to be
seeded, All other unsuitable materials thus removed will be placed in
designated spoil areas. The stripping for the relocation embankments
will be required to the extent normal for this type of construction,

27. Construction Considerations,

2. Dewatering Construction Areas. The specifications will
require the dewatering of all areas in which embankment £ill is to be

placed for the dam and the dike including the foundation cut-off for the
dam, The dewatering of other construction areas will be required to the
extent necessary to facilitate construction operations., A1l earth
excavations for the project, except those for stripping and the removal
of unsuitable materials, shall bs done in the dry to reduce the quantity
of excavated earth to be spoiled because of excessive moisture contents
resulting from high ground water levels, It is anticipated that the
dewatering of the construction areas in general will be possible by the
usual methods of construction drainage including open pumping. In the
cut-off excavation, however, special methods such as well pointing may
be necessary,

b, Rate of Embankmsnt Construction. The length of the dam

embankment and the topography of its foundation are such that construction
in partial reaches is neither practicable or desirable. Construction of
the dam embankment to its full length therefore will be specified,
Construction of the dike embankment in partial reaches is feasible,

however, and the specifications will permit such construetion provided
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that the partial reaches are at least 200 feet in length with end slopes
no steeper than 1 on 4. Construction of the relocation embankments in
partial reaches will also be permitted provided that the lengths of the
reaches are adequate toallow proper compaction, Construction of the dam
and dike embankments to their full width (with the top surfaces of all
£ill at the same level) will be required except that construction of the
pervious fill zone of the dam and of the random fi11 zone of the dike
will be allowed in advance of other zones to the extent necessary to
facilitate direct utilization of materials from the required excavations
in these zones,

c. Sequence of Construction. The railroad and highway reloca-

tions must be completed prior to the start of construction of the dam in
order that traffic will not be interrupted, Direct utilization in the
dam embankment of excavated material from the relocations therefore, is
not possible and stockpiling will be required, Construction of adequate
stockpiles of imperviocus and random embankment materials from the reloca-
tion excavations for use in the dam embankment will be required to be
done prior to the use of such materials in the relocation embankmsnts or
in the dike embankment,

G. FPERMANENT CUT SLOPES

28, Earth Cut Slopes,

a. Dam, In general, all permanent earth cut slopes in the
spillway, intake, and outlet channels will be topsoiled and seeded for
protection against erosion. Rock slope protection and gravel bedding,
however, will be placed om those slopes which may be subject to damage

from rum-off, seepags, or frost action,
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b. Borrow Area A, Permanent earth and slopes in the excavated

portion of Borrow Area A will be finished at 1 on 3 slopes, covered with
2 layer of stripping material and seeded for protection against erosicn,
¢. Relocations,

(1) Railroad. The principal permanent earth cuts for
the railroad relocation will be made through highly variable deposits
of glacial outwash sands and gravels with silt lenses and pockets and
into underlying glacial t111, It is anticipated that considerable sub-
surface seepage will emerge on the east side of the cuts from the large
drainage areas above them despite the construction of interceptor ditches,
This seepage will tend to be concentrated at the interface of the outwash
and till deposits, On the west side of the cuts, normal seepage will be
insignificant, but at high reservoir stages seepage through the dike
foundation will emerge on some of these cut slopes, Slopes on the west
side of the cuts have been established at 1 on 2 which slops is considered
to be satisfactory with respect to stability and msintenance since the
average height of the slopes are low, Slopes in the vicinity of the toe
of the dike will be provided with rock slope protection and gravel bedding
for the control of seepage emergence. Slopes on the east side of the
cuts which are less than 30 feet in height have also been sstablished at
1l on 2, Slopes on the east side of the cuts which are over 30 feet in
height, principally in the reach between approximately Sta. 50+00 and
56400 have been tentatively established at 1 on 2.5, The railroad,
however, has indicated a desire for the comstruction of somewhat steeper
slopes with berms im this reach. A study is beirg made of the relative

costs of the two types of slopes., In the event that the bermed type of

L3



slope should be selected on the basis of this study, its design will be
discussed in a supplement to this report., A layer of stripping materdial
will be placed on all cut slopes and sesded except where rock slope
protection and gravel bedding are to be provided for seepage control,
(2) Highway. The principal psrmanent earth cut for the
highway will be made through & shallow deposit of loose to moderately
compact silty sands and gravels. The drainage area above the cut is
small and subsurface seepage is therefore expected to be limited in
quantity. The cut slopes have been established at 1 on 2, Finished
slopes will be covered with a laysr of stripping material and seeded.
29. Rock Cut Slopes. Highly variable conditions of the bedrock,

including structural folding, Jointing, faulting and fault gouge; and
their relationship to the rock cut will determine the final shape of
stable rock cuts and any neceseary treatment., Based on the data avail-
&ble from borings and observation of rock exposures the following design
slopes are considered stable within practicable excavetion limits subject
to minor modifications as necessary during construction to treat local
areas of critical rock structure. |
location Slo Approximate

Railroad Relocation

Easterly Slopes (Sound Rock) 2o0onl

Westerly Slopes (Sound Rock) honl

East and West Slopes

(Zones of Fault Gouge) l on1 (Drained and
Protected Condition)



Location Slope (Approximate)

Highway

Easterly Slopes Jonl
(Northwesterly Cuts)
Dam Site
Westerly Slopes b on1l
Easterly Slopes 3onl

Rock bolts will be used in areas of deep rock cuts to assist in
stabiliging the rock slopes. Based on the prevalling westerly dipping
structure of the rock it is anticipated that rock bolte will be largely
confined to the westerly slopes. Overburden and loose rock will be
removed for a distance of 10 feet back from the top of slope to minimize

the amount of rock falls,
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APPENDIX A

SUMMARY OF LABORATORY TEST RESULTS
HANCOCK BROOK DAM & RESERVOIR
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APFERDIX B
DETAIIED SHEAR TEST DATA
HANCOCK EROOK DAM

PIATE NO. TITIE
IMPERVIOUS EMBANKMENT MATERIALS FROM REQUIRED EXCAVATIONS
BT-lA, B-l
B-1 Gradation Curve
B-2 Compaction Test Report
B-3 S Triaxial Test - Optimum +2%
B~k S Triaxial Test - Optimum
B-~5 S Triaxial Test - Optimum -2%
B -6 R Triaxial Test ~ Optimum +2%
B=-17 R Triaxial Test - Optimum
B-~8 R Triaxial Test - Optimum -2%
B-9 Q Triaxial Test - Optimum +2%
B - 10 Q Triaxial Test - Optimum
B-1 Q Triaxial Test - Optimum -2%

IMPERVIOUS EMBANKMENT MATERIALS - AREA A

Br6, Bl
B =12 Gradation Curve
B-13 Compaction Test Report
B-1 S Trisxial Test - Optimum +2%
B - 15 S Triaxial Test - Optimum
B =16 3 Triaxial Test - Optimum =2%
B -17 R Triaxial Test = Optimum +2%
B - 18 R Triaxial Test - Optimum



PIATE NO. TITIE
IMPERVIOUS EMBANKMENT MATERIALS - AREA A

BT-6, B~k
B -19 R Triaxisl Test - Optimum -2%
B - 20 Q Triaxisl Test = Optimum +2%
B -21 Q Triaxial Test - Optimum
B - 22 Q Triaxisl Test - Optimum -2%

BI-6, B=T

B - 23 Gradation Curve
B -2k Comphction Test Report

RAHDO& EMBANKMENT MATERIALS
BT-2, B'Bs 51_ 11

B ~25 Compaction Test Report, B - 3
B - 26 Compaction Test Report, B - 5
B - 27 Compaction Test Report, B - 11

FOUNDATION MATERIALS - DAM

Cemposite IB-1 (FD-2L & FD-28)
B « 28 Gradation Curves
B - 29 8 Direct Shear Test

SPECIAL - FAULT GOUGE

B - 30 Gradation Curve

w

- 31 Compaction Test Report
B - 32 R - Triaxial Test
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CORPS OF ENGINEERS

U. 5. ARMY

FD-40
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FD-4)
25 APR 1
€L S04,

962
3
TORIOH

Medium fo fine sorly ST

Sravelly, sitfy medium fo
fire SANC with Lobbies”

L4906

N

SCHIST. Light grog,
muscovife, soff Aghly
growitized ond weathered
aone /3.7 10/6. 7! Shghtia
maderarely wegltbhered
afong foliocfion plonds
K770 290" Slitenside
rores ot /R0 fo 24.0!
Moolerately nord fa soft
zanes 16.7 70 29.0°
Average Folialron oo
B0% fo A° Jo vertieal
and gverturned 1n rones
Sart In’ph{f wesrthersd
Fone 266" a2t 8"

FL #7853

FD-42
1 MAY 962
EL 4R35
- TOLS O/
) 577y, medivm Fo Fine
- 5u—|M£r 14 ¥ S—
. am.fe/.}:_,, sty SAND
- ‘—Srff_y, mediuem fo one
I NSAND with eectheres
p— v
£
M | Fine sonSy STLT with
—_— jenses of Fine sand
7 ang Silt (THL
Fine sondy SILTTTIL

Fine Sondy SIL1T wifb
‘cobb/es” Ond ¥roce of

grawe! (TICL)

FD-43

T MAY 1982
EL 476.9

— 2 .
7 étsu. Zondy oéﬁf%i 'M‘;ﬁ
“co, X

‘T’__M_azqm
Vv
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.
7
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-,
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A querts injected rones,
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£/, F88.97.
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APFENDIX D

ENGINEERING I0GS OF SOILS EXPLORATIONS

HANCOCK PBROOK DAM

LEGEND

mod, mderatelyl

V. very

comp. compact

w/ with

L 1-1. J% occasional

t. fina

m, medium

co coarse

m=f mdiun to fine

SM soil symbol, unified soil
classification system

L= natyral water content of sample

_ except for cortain soils containing

grevel for wihich W_ represents the
water content of tﬁat part of the
sample fyom which portions of the
soarse gravel ls,uu lnvo besn
remvod

wh natural wat.ar content dctorn:l.ned for

that portion of the seil passing the
No, 4 U, S, smdard Shvo o

d natural dry clennity (pof)

D40 eﬂec’bive grdin size in nillinaters
LL Atterberg liquid limit

PI Atterberg plasticity index

G specific gravity

D=1



26

(25-35)

(+0L)

IEGEND (Continued)

a single numeral following a soil
componient in the deseription of a
soil répregents the percentage, by
weight, of that component in the
soil as determined by a mechanical
analysis

a range of numbers in parentheses
following a soil component in the
description of & soi)l, represents
the estimated limits betwagen which
lies the percentage, by weight, of
that component in the soil as de-
termined by visual inspection

single numeral in parentheses

 reprasents estimated values of

Dygs LL, and PI

D=2



FDal

10.0!
150!

0.0'
1.k

50!
9,0t
9.5!

13.0¢

Tell

9.2!
- 1500'

23.8¢

Ouk!
5.0°

10.0

15.h!

o Lhit
- 5.0!

- 900'
- 95!
13.0!

- 13.5¢

Elev, h—s 5:_

Elev. 518+

Elev. LSh+

Topsoll

Brewn, loose to comp,, gravelly

30 silty 18 mef sand, SP
w/cobhhllﬁ,nm » 0.00k9

Brown, gomp,, #ilty (5=15)
ssndy (353)55 gravel, GP-GM
Brown, comp., m=f sand, SP
Brown, comp., 8ilty 7 sandy
ik gravel, GP<GM, Dyy = 0,011
Brown, comp., sandy (35-45)
gravel, GP, w/boulders
Grey brown, comp., sandy
(35-45) gravel, GP

Top of bedrock

Topsoil

Brown, loose, silty 12 sandy
21 gravel, GM, w/cobbles &
boulders Dy, = 0,05

Brown, mod, comp., silty
(15-25) sandy (25-35) gravel,
GM, Till w/boulders
Decomposed sehist w/occ, rock
fragments ,

Top of bedrock’

Topsoil :
Brown, lpose, sandy L7 silt
ML, w/cobbles, Dy = 0,01
Brown, mod, comp,, silty
(25-35) £, sand, SM
Brown, comp., silty (15-25)
mf sgnd, SM

Brown, comp., silty 6
sandy 38 gravel, OP-GM,
w/cobbles & boulders

Dlo - 0015

Broyn, comp., 8ilky (5-19)
m=f sand, SP=SM

D=3



FD-3 Continued
1305' - 20.0'

2040!?

25.0'
30,2
FDY

0,0!
0.6!

50!
8.71

0.0!

1.9¢

540!

Te2!

10,0!
12,0'

FD=6
0.0!
1.0t

3.8¢

25,01

30,2!

Elev, 510+

0,6!
5.0!
8471

Elev, 484.0
1.9
S,.0!

T.2¢

10,0°

12,07
Elev, 187,21
1.0

3.8

540!

Brown, mod, comp., 8ilty 5
sapdy 37 gravel GP-GM, W/
benlders & cobbles, Dy, = 0.16
Brown, oomp., gravelly

(18-25) silty (5~-15) sand,
SP-SM .
Decomposed rock, w/weathered
rock fragments

Top of bedrock

Topsoil

Badly weathered & decomposed
schist

Wehthered rock

Top of bedrock

Black, soft, organic silt,
OL w/roots

Gray, med, comp,, gravelly 36
silty 13 sand, SM, w/mica
particles & weathered gravel
sizes, Dy, = 0,048

i

Brown, mod. comp., gravelly
(15-25) sand, SP, w/some mica
particles o

Gray brown, comp., gravel

k6 silty 7 sand, SP-SM, w/mica
& westhered roek fragments,
Dypi ™ 0u11

Weathersd rock fragments

Top of bedrock

Black, Topsoil

Brown, loose, gravelly 16
silty 8 mef sand, SP-SH,

Dlo =-0,10

Gray, med, oomp., gravelly
(15-25) silty (35-45) sand,
SM, w/mlca particles & silt
layers

Dl



FD=6 Continued

50!
g.2'

Tel?
To7"

FD-7
040"
0.6'

3.0t

5.0'

13,0°

FD-8
040"
0.81
3.8
740!
10.0*

11.5

0.0*
1.8¢

2,3

5.2t
7ot
ToT1

Elev, h96-5

Elev, h93 .l.l.
0.8"

3,81
T7.00
10,0!
11,5°

Elev. 500.2

1.8¢
2,31

5.0

Gray brown, comp. silty,
(25-35) sand, SM

Brown, comp., gravel 12
silty 11 sand, SP-3M
Weathered rock fragments
Top of bedrogk

Topsoil

Brown, loose, silty (20-30)
m-f sand, SM, w/roots &
organics

Brewn, loose, gravelly 1k
silty 38 m-f sand, SM, w/occc.
mica particles, D, . = 0,0075
Brown, eomp., gravélly 3h to
(10-20) silty 10 to (15-25)
sand, SP-SM & SM w/mica
particles & cobbles, Dy, = 0.075
Top of bedrock

Topsoil

Brown, loose gravelly 8 silty
L7 sand, SM w/roots; Dy, = 0,003
Brewn, mod. comp., gravelly
(20=30) to 34 silty (10-20) to
11 ssnd, SM & SP-SM
Stpatified, gray-brown, mod,
comp., 8ilty (20-30) sand, SM
& sandy f£.(30-50) silt, ML
Gray, mod, comp., silty (5<15)
sandy (25-35) gravel, GM

Top of bedrock

Topseil . ,

Gray, looks, silty (20-30)
sandy (25-35) gravel, GM
w/stratum of sandy ('0-205
clay, CL

Stratified, gray, loose,
sandy £, (20-30) silt, ML, &
silty ({0-30) f. sand, SM,
w/organic odor

D5



D9 Continued

5.0t

9.6t
10,0¢
13.9¢
15,0*

15.4!
FD-10

0,0°
0!

3.3t
L.o!

C.0!
0.8t

1.7
2,00

FD=12
0.0t
1,0t

6.0¢

(e

- 9.6

- 10,0
- 13.9¢
« 15.0'
- 15,1t

- 0.4t

Elev, 503.0

- 3.3v°

- hoO'

- 1.7t
- 2,0

- 100'

- 6,0¢

- Tt

10.0!

+

Elev. 460,2

Blev., hli8.7

Gray, mod, comp,, silty
(5-15) sandy (20-30) gravel,
GP-GM w/micaceous decomposed
cobbles

Brown, mod. comp,, 8ilty
(20=30) mef sand, SM

Brown, mod. comp., gravelly
13 mef sand, SP, Dy, * 0.01
Brown, comp,, silty (5-15)
m-f sand, SP-SM

Oray, brown, comp., silty
(15-25) sandy (25-35) gravel,
oM !

Top of bedrock

-

Topsoil

Brown, loose to mod, comp,,
gravelly (25-35) silty
(15-25) sand, SM

Weathered rock

Top of bedrock :

Topsoil

Brown, loose, 8ilty (25-35)
sand, SM, w/roots
Weathered rock

Top of bedrock

Dark brown, loose, gravelly
(25=35) silty (15-25) sand,
SM, w/organics & occ, mica
particles
Brown, loose to mod. comp.,
ravelly (10-20) silty
10-20) sand, SM, w/cobbles
Brown, loose to mod. comp.
silty (10-20) sandy (25-355
gravel, GM, w/cobbles
Brown, loose to mod, comp.,
gravelly (0-10) silty
(5-15) sand, SP-SM, w/occ,
mlica particles

D=6



FDal2 Continued
10,0t = 15.0!

15,0' = 21,0!

21,0t - 25,6!

25.6'
FD-D El‘?o hBB.B
0.0' - 1.6'
106 L 2 00 '

2.0' - 5'0'

5.0!
FD<1l4 Elsv. L90.2

000' - 1.0'
1.0' = 8.4

SR

FD-15 Elev, 454.0
0,0 = 2,0!
2.0t = 5,0t

500' - 9.3'

Brown, mod. comp., 8ilty
6 sandy 39 gravel, GP-GM,
w/occ, mica particles,
Dlo = 0.22

Brown, comp., gravelly 42
silty 7 sand, SP-SM,
w/cobbles, boulders & mica
particles, D,, = 0.13

Brown, comp., silty (15-25)
sandy (25-35) gravel, GN,
w/cobbles & boulders

Top of bedrock

Topsoil

Dark brown, loose, silty
(15-25) sandy (25-35) gravel,
GM

Browvm, locse to mod, comp.,
eilty (5»15) sand (25-35)
gravel, GP.0M, w/layer of
laminated silty sand, SM

Top of bedrock

Topsoil

Brown, lgose to mod, comp,,
silty (5<15) sandy (25=35)
gravel, .GP-GM, w/cobbles &
boulders

Top of bedrock

Blagk, soft topsoil

Laminated brown, loose to mod.
comp,, silty (25-35) f£. sand,
SM & gray sandy (20-L0) silt,ML
Dark gray, stiff, sandy I,

18 silt, ML w/occ. clay,

Cl laminae LL = 30, PI = 5,
W, = 29

Da?



FD=15 Continued

9.3!

14,00
19.0!

25,0°"

29.5'
FD-16

0,0!

1.5°

5.0!

6.1"
FD=17

0,0°!
046!

2,0t
11,.2¢

12,9¢
FD-18

0,0*
0.51

- lhoo'

19,0"
- 2500'

- 29-5'

bt 105'
- 500'

- 6,1

- 2,0'

11.2!

- 1209'

- 0,5t

Elev, 462.1

Elev, 469.8

Elev, 499.,6

Brown, comp., silty 6 sandy
35 gravel, GP-GM, w/occ, de-
composed gravel particles,
Dyg = 0,22

Brown, mod. Comp., m~f sand,

SP w/ecc, mica particles
Laminated browm, mod, comp, to
comp micaceous, gravelly (15-25)
sand,SP, silty (25-h5) £, sand,
SM & Bandy f. (30‘&0) Bilt, ML’
w/cobbles & boulders

Brown, comp., 8ilty (5-15)
sandy (25-35') gravel, GP-GM,
v/cobbles & boulders

Top of bedrock

Topsoil w/roots

Brown, loose, sandy, £, (30-40)
silt, ML, w/roots & some mica
particles

Brown, comp., gravelly (20-30)
sandy f. (15-25) silt, ML

Top of bedrock

Topsoil

Brown, loose, sandy f. (35=50)
silt, ML, w/roots & organics
Cobbles & boulders embedded

in soil .

Brown, comp., wicaceous,
gravelly (15-25) silty (5=15)
sand, SP=5M

Top of bedrock

Topsoil
Top of bedrock



FD-19 Elev, 463.8

0.0' = 1,2! Fill, loose, silty, gravelly
sand, w/coal fragments &
roots

1.2' = 2,2! Dark brown, loose, gravelly

(15-25) silty (20=30) sand,
SM w/roots & some mica par-
ticles ‘
STt Brown, lubse, micaceous
gravelly 3 silty 36 f. sand,
: SM, w/silt layers, Dy, = 0.032
57" = 6,0t Brown, Comp., grave (10-20)
silty (5-15) sand, SP.SM
6,0t = 15,0 Brown, mod. comp., gravelly
29 to (15«25) #ilty 11 sand
SW-SM, w/some mica particles
& cobbles. .
15,0' = 16.1! Brown, comp., 8ilty (5-15)
sandy (30-40) gravel, GP-GM
16.1! Top of bedrock

2,2!

FD-20 Elev. L67.6

0.,0' = 0.7? Topsoil

0.,7' - 2,1 Brown, loose, gravelly (10-20)
sandy, (20-30) silt, ML, w/roots

2.1 Top of bedrock

FD"ZI El“o h52 .2

0,07 = 0,3 Blaek’ BOﬁ, Ban.dy b (20-30)
organic silt, OL, w/roots &
debris

0,31 = 2,0 Stratified brown, loose, gravelly
(30-40) silty (20-30) sand, SM,
w/mica

2,0' - L,.5? Brown, mod, comp., micaceous
gravelly (20-30) silty (20-30)
sand SM w/cobbles & rock frag-
ments

L Top of bedrock



FDw22 Elev, 81,2

0,0 = 1,8¢ TQp‘Oil .

1.8t - 5,0! Brown, loese, gravelly
(0-10) i1ty (30-40) sand,
SM w/roots

5.0' = 10,0' Brown, mod. coemp., %ravelly
(20-30) aflty (S-15) sand,

SP-SM ., some mica particles
10.0' - 15.6¢ Brown, cemp., gravelily 10
silty 25 sand, SM w/some mica
particles & 1 laysr of
sandy £.{30-40) silt;

Dyg = 0.032
15.6¢ Top of bhedrock
FD-23 Elev. Lok.B |

0,0' = 0,5 Topsoil . |

0,5' = 1.5¢ Brevm, lpose, gravelly
(20-30) sandy (10-20) silt,
ML w/roots '

1,5 = S,1! ' Brosm, mod, comp., grevelly

(30-40) s1lby (16-20) sand,
SM, w/cabbles & boulders

Sel' = 5,7¢ Brown, comp., gravelly
(10-20) silty (10-20) m-f
send, SM w/mica

5.7t . Top of bedrack.
FD-Zh E].’To hszo'?

0.0' = 1,0 thk, VoﬂOftg M(MO)

_ organic #ilt, OL

1,0' = 2,0! Black, soft, sandy L8 silt,
ML, w/organics & wmica
W, = b9 nonplastic,
D].U ‘= 0,009.

2,0 = L,0f Gray brown, soft, wicacéous

sindy €.(30-L0) silt, ML,
w/organics ‘W, = 33.0

Lot - 5.0¢ Gray brown, loose, gravelly
(25-35) silty (15<25) send,

‘ SM, w/mica

540! = 9.0°! Gray brown, mod.comp, 8ilty (5-15)

send {20-30) gravel, GP-ON,
w/boulders & 1/4* silt layer

D=10



FD-24; Continued
900' - 114..5'
15" = 16,51

1605' - 2000'

20.0. - 26.6
26.6'
FD=25 Elev, 460.8
0.0% = 2,7t
2.7' - 500'
500' - 10.0'

10.0‘ - 15.0'

15,0% = 20.7?
20,7
D26 Elev. L50.6
0.0' - 200'
2,0' = 3,8
3.8' « 8,00
8.0

Brown, loose, silty 21 mef
sand, 5M, w/micéa, D1g = 0.027
Bx dﬁn, md. Goﬁ{)e, .gl."avem
(10-20) 8ilty (20-30) sand,
SM !

Brown, mod, comp., Kravelly
L silty 6 sand, SP-SM . .
Dm - 0.2

Brown, mod, somp. to comp.,
gravelly Wl to (20-30)
silty 9 to (5~15) sand,
SP-SH, w/mica, Dy, = 009

Top. of bedrock

Brosm, loose, gravelly

(20-30) silty (15-25) sand,

SM, w/cobbles & boulders

Brown, loose, gravelly 10

silty L4 m-f sand, SM w/some mica

W, = 25,2, W, = 25,8, Dy = 04009

Browvn, med. Gomp., gravelly 33
silty 7. sand, SP-OM w/sobbles

i, b, sity, (5-19)
TOWn, Ofuy. ¥y (o=
sendy SOToY Eraves, GradM

w/mica )

Stratified, brown, comiffe,
gravelly 4 sanay m=f 14 silt;
ML -Wn = 29,1, nenplastic,

Dm - 00016 ‘

Top of bedrock

Black, soft, sandy (10-20)
organic silt, OL. o
Gray, comp,., silty (10w25)
sandy (25-35) gravel, GN,
w/organics

Orange brown, comp., silty
(15-25) sand, SM, w/boulders
Top of bedrock

D-11



8,0t

10.0*

15.0!
22,01
26,5¢

32,3
FD-28

0.0'

Ouls?

3.0

g.0!
10.0*
10,5*
1.1

- 600'

- 8.0'

L 10.0'

- ]5.0'

- 22.0'

- 26,5!

32.3!

O.ls?
3.0¢

- Soo'

10,0!

10,51

- 11.1'
- 21.5"

Elew, 452.7

Elev, 452.0

Gray, soft, micaceous sandy,
f. i’f silt, ML, w/organics

W, = 40.7, 5.0, nonplastic
GPay, soft, micaceous, sandy
f. (35-45) silt, ML, w/heavy
organics, grass & wood fibers
wn = 65,5

Brown, loose, gravelly (30-40)
ailty (15-255 sand, SM, w/roots
& a layer of organic silt 0.1*
Brown, loose to mod, comp.,
gravelly (30-h0) silty (10-20)
sand, SM, w/cobbles, some mica &
0.1 silt layer .

Brown, comp,,silty 10 ssndy

15 gravel, GP-OM, w/mics,

Dlo - 000'"4-

Gray brown, mod. comp.,

silty (10-20) f. sand, SM w/mica

(wash sample)

Brown, ‘comp., silty (15«25)

sandy (BOTEOS gravel, GM, w/some
mica & cobbles

Tup of bedrock

Black, soft, sandy £.(10-30)
organic silt, OL

Black, loose, micaceous,
gravelly (10-20) silty (30-40)
f. sand, SM, w/organics;
Brown, mod, comp.,silty’
(10-20) sandy (30-h40) gravel,
GM, w/cobbles

Brown, mod, comp,, gravelly 16
silty 13 m-f sand, SM, w/mica
Brown, mod, comp., silty (20-30)
sandy (30-40) gravel, GM

Gray brown, mod. comp., sandy
f. (30.40) 8ilt, ML, w/mica
Brown, mod, comp., gravelly
19 to 39 silty B sand, SP-3W,
w/mica & cobbles, D, = 0,12,
0.2
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FD-28

FD-29

FD=30

Continued

2105' - 22.7

22.7' - 25.0'

2500‘ - 30.9‘
30.9¢
‘ Elev, hSBOB
0.0' = Lot
loh' - 5.0'

5.0 = 12,5t

12,5
Elev. 512,7

0.0' - 002'
0.2' - 3.7'

307' - 500'

5‘0‘ - 6:0'

6.0' - 10,0!

10,0' = 17.7!

17,7" = 25,2"
2502. - 2701'
27,11

Brown, mod. comp., gravelly
(20-30) silty (5-15) mef

.sand, SP-SM, w/mica

Brown, comp,, gravelly
(5-15) silty (5-15) sand,
SP-SM, w/cobbles

Gray brown, comp., gravelly
39 silty 9 sand, SP-SM,
w/cobbles & mica, Dyq = 0,16
Top of bedrock

Black, loose, (fill) cinders

& gravelly silty sand

Brown, loose, silty (25=35)

mef sand, SM, w/cobbles & decom-
posed cobbles & mica particles
Brown tc gray brown, mod.

comp,., gravelly 18 silty 18
sand, SM, w/tobbles, boulders

& mica’ - 0.0&7

Top of bedrock

Topsolil & forest debris.
Brown, loose, silty (10-20)
mef sand, SM, w/roots

Brown, loose, gravelly
(10-20) silty (30=h0) mef sand,
SM w/weathered gravel sizes
Brown, comp., silty (5-15)
sandy (30?0) gravel, GPGM
Brown, comp,, micaceous silty
L0 mef sand, SM W, = 7.5

W), = 10.k, Dip * 0,0023 .

Gray brown  WOMD.,
gravelly d‘-‘ ta 15 silty
33 mef gemd, BN, 111

w/cobblibs. ﬁn;*" 19.0, ‘ih - 10.2,
Dlﬂ "3@5“3’_

Gray, ‘compyy gravelly (0-10) to
17 silty 20 sand, SM, Till
w/cobbles W, =70, W = Tels
1L "“, g - 2,, D].O - 0.003

Deaampoged & weathered rock

‘Top 0f bedrock
D=13 RN



FD-31
0.0!
0461

5.01

10,0

.0

25.0!

37.71
Lo.o!
FD-32

0.0!
0,81

2,91

10,01
13.0!

15,0!

25

0.6
50!

10,0

.01

25,0!

- 37.7¢

ko.0?

O.B'
2.9

- 1000 !

- 13,0t
- 15.0'

- 250,4'

Elev, 51!1.0

Elev, 512,8

Topsoil & forest debris

Brown, loose to mod, comp.,
gravelly (20-30) silty (15-~25)
m-f sand, SM, w/roots

Brown, mod, comp., gravelly
(10-20) silty (15=25) m=f sand,
8M, w/thin layers of silty
(20-10) £, aand

Gray brown, mad. comp., gravelly
32 silty 1s sand, SN, T111
w/oobbles. W = 8,7, W) = 8.9
DlO = 00039

Gray, comp., gravelly (10-20)
to 23 silty 28 eand, SM, Till,
w/cobbles W, = 7.6, W) = 9,2
LL = 16, PI-:_L,Blo-o.eo66
Gray, comp. to mod, comp.,
gravelly (10-20) to 35 silty
(25-35) to 24 m-f sand, SN,
T111, w/cohble;, & sand seamg
from 30.0' = 37.7T! W =9,
W, = 10.2, LL-LS:PE-Z, ’
D 0 = 0,007

S%ratified gray, med.

clay, 8ilt & silty f. sand
Bottom of exploration

Topeoil .

Brown, soft, sandy, f.

(30-40) silt, ML, ¥/roots

& organics

Brom, mdt Gomp‘. to comp.,
silty (35<45) to U5 mef sand,
SM w/gray silt layers,

D 0 -’0.&')&9, Wn - 1802.

W0= 18,8 |

Brown, comp., silty (35-4S)

mef sand, SM

Gray brown, comp., sandy m=f 31
silt, ML, Ti1l, w/cobbles

L = 36, FI = 10, D,, ®<0,001s
Hn = 11.9, "'h =12,1

Oray, comp., grarelly 9 to
(10-20) =ilty 39 m-f sand, S¥,
T111 w/cobbles, Lk = 30,

FI » 3, D__ = 0,0015, W, = 12,5,
wh - 13.210
Top of bedrock

D-14



Elevr, h99 oh

FD-33
0.0' - ‘0;8' -To_paoil
0,80 = 2,3¢ “Brown, loose, silty (30-L0)
mef ssnd, SM, w/roots
2,3" = 5.l Brown, loose to mod. comp.,
gravelly 18 silty 9 sand,
SP-SM, w/occ. roots & cobbles
increasing w/depth. D, . = 0,092
Seit! = 20,0° Nested boulders in so
10,0' -« 15,0' Brown, mod, comp,, gravelly L7,
silty 5 sand, SP-SM w/cobbles
Dlo = 0018
15,01 Bottom of exploration
FD-3L Flevw, 533
0.0t = O.h! Topsoil & forest debris
Ot = 1.3t Brown, loose, gravelly (10-20)
8ilty (10-20) m=f sand, SM,
w/roots
1,3' - 'S.0¢ Gray brown, loose, gravelly 32
silty 12 sand, SM, w/cobbles
5.0 - 11,3! Gray brown, mod, comp., silty
(5~15) sandy (30-40) gravel,
GP-GM w/cobbles increasing
w/depth
1n.» Top of bedrock
FD"35 Elev. 51602
0,0! - '1,0¢ Topsoil & forest debris
1.0 - 2,3t Brown, loose, silty {(20-30)
_ m-f sand, SM, w/roots
2.3' = 5,0t Brown, loose, gravelly (35-45)
silty (5-15) sand, SP-SM,
w/eobbles
5.0' - 10,07 Brown, lcose silty 6 sandy 35
gravel GP-GM w/ccbbles D, = 0,017
10,0t = 11,1!¢ Brown, loose, gravelly (E—ZS)
silty (10-20) sand, SM
11,1' - 4,1t Brown, loose, weathered rock mixed
- w/micacecus silty (15-25) sand
4, - 15.0° Weathered rock
15,0+ Top of bedrock
FD=36 Elev, 516,k
040! = 0,6¢ Topscil & forest debris
0,61 - 2,31 Brown, lcose, gravelly (15-25)
‘ silty (-30-1505 sand, SM w/roots
2,3 - 5.0! Gray, loose to mod. comp., silty

(5-15) sandy (30=L0) gravel,
GP-OM, w/cobbles

D-15



FD«36 Continued
5.0' = 10,0t

10,0 - 11,0f
11,0t

FD-37
0.0t = 2,69
2,6' - 5,0¢

5.0 = 13,7

o?' - 1508'
L

0.0' = 0.6
0.6 ~ 2,87
208' - h.é'

Lo6? = 6,8?

6,81 - 11,8?

11.8' b 13..6'
1306' - 2500'

25,01

Elev. 500.2

Elev, 500.,1

Brown, mod, comp., silty 12
sandy 38 gravel, GP.GM
w/eobbles

Brewn, comp., silty (15-25)
sandy (30-40) gravel, GM
Top of bedrock

Topsoil

Gray brown, mod, comp., 8silty
(20-40) m-f sand, SM, W_ = 23,1
W, = 23,2

G%ay brown, mod. comp, to
comp., gravelly 8 silty 4O to
(30-L0) m-f sand, SM,Til1l,

Wn - 1305, 1291’ wh - 13089 13.1
LL » 21, PI = 3, Dyp = 0,0035
Weathered rock

Top of bedrock

Topsoll

Brown, loose, gravelly (10-20)
8ilty (30-40) m-f sand, SM,
w/cobbles & roots

Gray brown, mod. comp., silty
(30-40) m~f sand, SM, W _ = 15,8,
Wh = 16,4
Brown, mod, comp,, silty (30=40)
m=f 2and, SM w/occ. layers of
gray silt, Wn = 15,5, W, = 17,1
Gray, stiff, sandy f, (20-30)
silt, ML, w/occ.layers of brown
silty (20-30) £, sand SM &
sandy clay, CL
Brown, mod., comp., gravelly

(10-20} silty (20-30) m<f sand SM w/
weathered & decomposed cobbles
Gray, comp., gravelly (10-20)
silty (30-L40) m~f sand, SM,
Ti1, W_ = 10.8, W), = 11.1
Bottor'of exploration
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FD=39 Elev. 477.4

040" = 0,7! Topsoil
0.7' = L.1! Brown, loose, silty (35-45)
f. sand, SK, w/ropts &
eobbles
Lelt = LT Brosm gray, loose to mod comp.,
silty (25-35) m=f sand, SM,
w/ogc, silt layers
L.7' - 10.0t Stratified, gray. ?.o- mod .
comp., sandy f.. ( 30’) gilt,
SHL & silty (30-l0) f£. sand,
'+ SM
10,0 -~ 25,0 Gray, mod, co velly 17
silty 33 to (3?21;5 )‘:fr sand,
SH, Iill, - 10-3, 929,
W 13, .2, 1t - 18,
- 3’ - 0.005
25,0! Bottom orlgxploration
FD-ly0 Elev, 487.k
0.,0' = 1.8 Topsoil
1.6 - 2,.8¢ B%n loose, gravelly
(1 o) silty (25-35) sand,
8M, w/hair roots
2.8' = 10,27 Brown, mod, comp. to comp
silty (5-15) » (30-&0)
grgvel, GP-GM, w/cobbles &
wapthered cobblea & gravela
1002' - 11-5'

ravelly
m@g;ut "(10-20) mnf

%, o Y
vy (25-35) nif sand layers
11,5' = 150! Brplm, % silty (5-15)
apdy (3 S gravel, GP-QN,
' w/ bbles & occ, silt layers
15.0' - 17.9' Br comp., gr“elly 2

8l ty 23 sand, SM, D,, = 0,017
17.9' = 20,0° Grpy, comp., gravell}®3 silty

hh mnf sand, SH, T111
- M’ = nlh, - 000018

20.0¢ Bowou of e;ploratiqn
FD=41 Elev, 50k.3
0,0' = 1,3! | T aoil
103' - 5.0' bi;‘oﬂ‘n, Bof‘b to I’di.m
| grmuy pandy mef 31 pilt,
m.bn - -..o .
S.0' = 13,7 Yown, md. comp. tp

COMDpy gravelly 6 silty bl mf
aapd, 8M, Ti11, w/cobbles

n - 1207’ wh - 1303,
D, = 0,0022

13.7 of bedrock
) 1:---11:'%$



FD=42 Elev, 483.5

0,0 = 147 Topsoil
1t « 12,10 Gray brown, mod, comp.,
avelly (0-10) to 12 silty
30-40) to 39 m-f sand, SM,
Till, w/thin lenses of brown
silty sand w/weathered cobbles
from 10,0t to 12,1', W_ = 13,4,
30-209"55“'4 - moh, 15.2,11])10 =
+00
12,1 « 15,0! Gray brown, stiff, sandy F
(30-40) silt, ML, Till w/thin
lenses of brown, silty (L0-50)
’ f. sand, SM
15.0! « 25,0t Gray séiff, avelly 8 sandy
£, 2B to (30-40) silt, ML,
Till, w/cobbles from 20,0° to
25.0' W = 1505, 1100,
W, = 1508’ 1200, D}O =. 0,001
on

25,01 tom of explorat
FD -h3 ' Elev, h76 o9
0.0' = 1,1! Topsoll & forest debris
1.1' - L.0* Brown, loose, silty (20-30)
sandy (20-30) gravel, GM,
w/cpbbles & hair roots
ho0' = L,9! Weathered rock
k9! Top of bedrock
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FIT.1 Elev, h?S;O

0.0' = 1.1¢ Toploil

1,1' - 3,5 Brown, loose, sandy F, 16
silt, ML, w/roote & cobbles,

3.5 -« 6,1 Brown, comp., sandy L8
gr;;il, @GP, w/ocobbles, Dy, =
D.2.

6.1 = 7.4t Gray brown, loose, silty

) {20+30) f. sand, SM

7.4 - 8,07 Brawn, comp., sandy {30«40)
gravel, 0P, w/cobbles

8.,0' - 10,.8¢ Brown, comp., gravelly 23

silty L =and, SP, w/cobbles
wD.1* silt layer & 0.5"

sand layer
10.8! Top of bedrock
FIT.2 Elev, 468.3
0.0! = 0,6! Topsoil
0.6 = 3.3¢ Brown, loose, sandy f.
{20-30) silt, ML, w/roots &
cobbles
3.3t - 11,0 Brown, comp., gravelly 37
sand, SP, w/ 0.2% sand
1‘3‘1‘ D = 0,29
11.0° Botton 8F exploration
FIT=3 Elev. 489.3
0.,0' - 1,0! Topsoil
1.0t = 3,T¢ Brown, loose, sandy f. (20-30)
silt, ML, w/occ, roots,
cobbles & boulders
3.7 . Top of bedrock
FIT-4 Elsv, 495.1
0.,0' = 0,6! Topaoil
061 = 2,70 Dark brown, loose, sandy f.
(20-30) silt, ML, w/cobbles &
boulders
2.7 - 3.6¢ Brown, comp,, gravelly 33

silty 21 sand, SM, w/roots,
boulders & cobbles, Dy, * 0.028
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FIT«l; Continued:

3.6

b.7?
FTT.5

0.0*
0,61

1.8

.2t
FIT-6

0.0t
0.7t

2,2t
Lok

5.8
FIT=7
0.0'

1.9!

2.4t
2.9

546!

b7t

0.6!
1.8

h.2!

0.7t
2,28

Loy

5.8¢

1.9'
24"

2.9
561

Elev, 1490.5

Elsv. h9300

Elev, 481.3

Brown, cpmp., gravelly (10-20)
silty (5-15) sand, SP-SM,
w/sobbles & boulders

Top of bedrock

Farest debris & Topsoil

Brown, loome gravelly (10-20)
sandy, f. (20-30) eilt, ML,
w/roots, cobbles & boulders
Brown, comp,., silty 2 sandy
45 gravel, GP, w/cobbles &
boulders, Dyy = 0637

Top of bedrock

Forest debris & topsoil, w/
cobbles & boulders

Brown, looee, gravelly (10-20)
sandy (30-40) silt, ML,
w/oobbles, boulders & roots
Brown, comp., gravelly (20=30)
pilby (5-15) sand, SP.SM,
w/cobbles L

Brown, comp., gravally (20-30)
sgnd, 3P, w/aobbles, boulders
& amd lense to 0,5

Refusal

Forest debris & topsoil w/cob-
bles & boulders .
Brown, loose, gravelly (10-20)
sandy (‘5-355 silt, ML, w/roots,
cobblaa & boulders

Brown, mod. comp., silty (10-20)
m=f sand, SM, w/agbbles

Gréy, pomp., gravelly 15 silty
20 sand, SM, w/cobbles, boulders
& 8ilt layer from 5J41=5,6!
Dlo - 0&25

Top of bedrock

D=20



FTT-B
040!
0,8¢

2,7

11.0Y

Elev. 1493.3
- 0‘8'
- 2.7'

- 11.0'

Foreat dabris & topsoil
w/éebled & boulders

Brown, comp., ailty (5-15)
ssndy (25-35) gravel, GP-aM
w/roots, cobbles & boulders
Brown, comp., silty 2 sandy
33 gravel, GP, w/cobbles &
boulders. DIO = 0,38

Bottom of exploration
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ED-1

0.0

50t

25.0?

30.0!

0.0?
1.1!

2.2t

20,0

0.0?
0.8t

5.0!
Tels?

10.0!
104!

Elev, 52505

- 5.0'

- 2500

30,01

Elev. 540.0

- 1,1!
- 2.2'

20.0¢

Elev, 570.6

0.8¢
- 5.0'

Talst

- 10,01

- 10-’-1'

Brown, mod. comp.gravelly
(10-20) silty (25«35) mef
sand, SM, Till, w/cobbles
Brown to gray brown, comp,

to v, oamp,,gravelly 8, 7 silty

35, ¥ m-f sand, SM, Till,
w/cobbles & clay strata
from 19,0 o 20,0' nonplas-
tic wn -‘1003, wh - 10.3’
Dy ® 04007, 0.0081

Gray brown, comp. to v,
oomp,, gravelly 38 silty
19 m-f sand, SM=SC Ti1l

LL =21, PL = 5,

Do ® 0,018

Bottom of expleraiion

Topscil

Brown, lcose, gravelly
(10-20) silty (25-35) mef
sand, SM

Gray brown, mod, comp., to
comp., gravelly (10-20) to
6, 10 ailty 32 m-f sand,
SM, 7111